FTIR study of the thermal denaturation of horseradish and cytochrome c peroxidases in D2O.
Fourier transform infrared (FTIR) spectroscopy was employed to examine the thermal denaturation of the Fe(III), Fe(II), and Fe(II)-CO forms of cytochrome c peroxidase and horseradish peroxidase in phosphate buffer at pD 7.0. The amide I' regions of the deconvolved spectra are consistent with predominantly alpha-helical secondary structure around room temperature, but the alpha-helical absorption of the two peroxidases differs significantly; bands assigned to alpha-helical components occur at 1659 and 1649 cm-1 in horseradish peroxidase and at 1652 and 1637 cm-1 in cytochrome c peroxidase. The thermal denaturation mechanisms of the peroxidases also vary. All three forms of cytochrome c peroxidase retain their secondary structure up to 50 degrees C, when bands characteristic of aggregation (1616 and 1684 cm-1) appear in the amide I' region, and above 55 degrees C rapid loss of secondary structure is accompanied by enhanced aggregation. In horseradish peroxidase, on the other hand, the Fe(III) and Fe(II) states exhibit dissimilar denaturation mechanisms. Slow, gradual alteration of secondary structure is observed for Fe(III) horseradish peroxidase on heating, and polypeptide unfolding appears to be complete around 90 degrees C, without aggregation. In Fe(II) and Fe(II)-CO horseradish peroxidase, aggregation bands appear at approximately 55 degrees C, signaling the onset of denaturation. Frequency shifts in the v(CO) bands above room temperature reveal the conformational changes in the heme cavity precede global conformational changes in cytochrome c peroxidase but not in horseradish peroxidase. The reduction in amide II intensities, due to peptide H-D exchange on heating the peroxidases in D2O, indicates the formation above room temperature of partially unfolded states with increased solvent accessibility but intact secondary structures.